Identifying specific kinase substrates through engineered kinases and ATP analogs.
Intracellular signaling by protein kinases controls many aspects of cellular biochemistry and physiology. Determining the direct substrates of protein kinases is important in understanding how these signaling enzymes exert their effect on cellular functions. One of the recent developments in this area takes advantage of the similarity in the ATP binding domains of protein kinases, where a few conserved amino acids containing large side chains come in close contact with the N-6 position of bound ATP. Mutation of one or more of these residues generates a "pocket" in the ATP binding site that allows the mutant kinase, but not other cellular kinases, to utilize analogs of ATP with bulky substituents synthesized onto the N-6 position. The use of such a mutated kinase and radiolabeled ATP analogs allows for the specific labeling of direct substrates of the kinase within a mixture of cellular proteins. We have recently reported the generation of "pocket" mutants of extracellular regulated kinase 2 (ERK2) and their use in the identification of two novel substrates of ERK2. In this report, we discuss the generation and characterization of ERK2 mutants that utilize analogs of ATP and describe the methodology used to identify ERK2-associated substrates. We also describe the direct labeling of ERK2 substrates in cell lysates. These methodologies can be adapted for use with other protein kinases to increase the understanding of intracellular signal transduction.